The relationship between gross domestic product (GDP) and dietary profile, with a focus on polyamine intake, was investigated in 35 Asian countries. Data on food supply, GDP, and health condition were collected from databases of the United Nations, the International Monetary Fund, and the World Health Organization, respectively. The amount of polyamine intake from food was estimated using polyamine concentrations listed in published sources. The amounts of putrescine, spermidine, spermine, and total polyamines in 1000 kcal of food in Asian countries were 39.07 ± 17.98, 33.74 ± 14.35, 14.05 ± 6.60 and 86.85 ± 33.96 μmol/1000 kcal, respectively. Putrescine, spermidine, and spermine constituted 44, 39, and 17% of total polyamine, respectively. Vegetables contributed the largest amount of both putrescine and spermidine and the second largest amount of spermine (45.5%, 62.2% and 27.2% of total putrescine, spermidine, and spermine, respectively). Meat was the richest source of spermine and contributed the greatest amount (50%) of this polyamine. We showed a significant positive association between GDP and the amount of polyamine per 1000 kcal of food. Lifespan was associated with both GDP and the amount of polyamine per energy quotient of food. As several basic research studies have shown that polyamines help prolong longevity, it follows that polyamines may have a role in determining the lifespan of humans.
INTRODUCTION
The polyamines putrescine, spermidine, and spermine, not only play an essential role in the proliferation and differentiation of mammalian cells but also have important physiological roles on cellular function. In addition, very recent studies have shown that exogenous polyamine suppresses the progression of age-associated pathologies and increases the life span of cells and several living organisms including mice [1, 2] . On the other hand, there is evidence that increased polyamine concentrations are associated with several deteriorations in health [3] [4] [5] [6] .
Food is one of the important sources of body polyamines which are absorbed by the intestinal lumen and then distributed to all organs and tissues [7] . In fact, differences in polyamine intake have been shown to influence blood polyamine concentration in both mice and humans [8] . As most foods originate from plants or animals, almost all foods contain polyamines, but in widely varying concentrations [9] [10] [11] [12] . It is therefore very important to delineate the factors that may influence polyamine intake.
Socioeconomic status is closely associated with favorable health status and prolonged lifespan [13] [14] [15] [16] [17] [18] . Gross domestic product (GDP) is one of the representative indicators of socioeconomic status of countries, and we have shown using an open database that individuals living in European and Western countries with a high GDP prefer foods containing abundant polyamines compared to individuals living in countries with a lower GDP [19] . This study aimed to examine the relationship between the amount of food polyamine and GDP in Asian countries. In addition, as polyamines have been shown to have several roles on health status in experimental models, we also examined the relationship between health status and polyamine intake in association 
Statistics
The data were analyzed using the statistical package SPSS for Windows (SPSS Inc., Chicago, IL, USA). Pearson's correlation coefficients were calculated to examine the association between the relative amount of polyamine in foods, GDP per capita, and life expectancy. A P-value < 0.05 was considered statistically significant.
RESULTS

Polyamine Contents in Asian Foods
The average content of the three polyamines, putrescine, spermidine, and spermine in each food item is shown in Table 1 . Polyamine content ranged widely among the foods, with several foods having increased polyamine concentrations. The highest putrescine levels were found in maize, citrus fruits, grapefruit, peas, soybeans, and other beans. Spermidine concentrations were high in soybeans, other beans, and vegetables, while spermine concentrations were high in edible offal, molluscs, meats, soybeans, and other beans. Generally, foods of plant origin tended to have higher contents of spermidine compared to spermine, whereas foods of animal origin had the opposite composition. The levels of all polyamines were very low or undetectable in vegetable oil, animal fat, sugar and sweeteners, eggs, and dairy products including butter, cream, whey, cow milk and infant milk formulas. Table 2 shows the daily amounts per capita and Table 3 shows the daily amounts per 1000 kcal of the three polyamines in Asian countries. The average estimated daily intake of putrescine, spermidine, spermine, and total polyamines in Asian countries were 106 μmol, 91 μmol, 38 μmol and 235 μmol, respectively. Putrescine, spermidine, and spermine accounted for 44%, 39%, and 17% of total polyamine intake, respectively. The amounts of putrescine, spermidine, spermine, and the sum of the three polyamines per 1000 kcal energy were 39, 34, 14, and 87 μmol/day.
Daily Amounts per capita and Amounts per 1000 kcal of Polyamines
Sources of Polyamines
The proportions of the three polyamines provided by each food group are shown in Figure 1 . Overall, vegetables provided the largest amount of putrescine and sper- Per-capita daily availability of amount of food and the amount of putrescine, spermidine, and spermine from each food group are expressed as the mean ± standard deviation (SD). Values < 0.001 are expressed as 0. 
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Openly accessible at http://www.scirp.org/journal/HEALTH/ midine, and also provided the second largest amount of spermine (45.5% of putrescine, 62.2% of spermidine, and 27.2% of spermine). Other important sources of putrescine were cereals and fruits, which provided 24.0% and 22.3% of total putrescine, respectively. Cereals, fruits, and beans supplied 15.5%, 7.7%, and 6.6% of total spermidine, respectively. Animal meats were the biggest source of spermine, and provided 50% of total spermine.
Associations between the Amounts of Putrescine, Spermidine, and Spermine per Total Energy and GDP per capita
The GDPs of the Democratic People's Republic of Korea and Timor-Leste could not be obtained. These two countries were therefore excluded from the analyses which subsequently included 33 countries. The GDP data were transformed to natural logarithms to approximate a normal distribution. Pearson's correlation coefficients were calculated to investigate the relationship between polyamine amount per food energy (1000 kcal) and GDP.
As shown in Table 4 , GDP per capita correlated positively with all three polyamines, with different levels of correlation being observed. Although the correlation coefficients between GDP and spermidine and putresine per energy quotient were < 0.4 with p values < 0.05, spermine per energy quotient showed a strong positive correlation with GDP.
Correlation among the Amount of Polyamine, GDP, and Health Status
GDP was associated positively with life expectancy (r = 0.890, p < 0.001) and negatively with mortality due to cardiovascular diseases (r = -0.640, p < 0.001). Life expectancy was associated negatively with CVD mortality (r = -0.674, p < 0.001). Although no significance associations were found, the correlation coefficients between CVD mortality and spermine/energy, spermidine/ energy, putrescine/energy, spermine plus spermidine/ energy, and total amount of all three polyamines/energy all had negative values (r = -0.276, -0.057, -0.035, -0.154, and -0.103, respectively). No significant association was found between life expectancy and cancer mortality. As shown in Table 4 , GDP and life expectancy were associated positively with the total amount of food polyamine per energy, with various levels of correlation being observed.
DISCUSSION
Reference to our previous report on European foods [19] showed that although there were many similarities in the proportions of supplied foods, there were striking differences in the higher amounts of dairy products and animal-derived products consumed in European countries, whereas consumption of cereals was higher in Asian countries. Similarly, polyamine concentrations in Japanese foods [9, 10] were similar to those in European foods [11, 12] , whereas in some foods, especially cheese, the concentrations were markedly different. These varia-tions in polyamine content could be explained by the effects of food processing and storage changes, and one of the weaknesses of the present study was the inability to comprehend these changes. However, the estimated daily amount of food polyamines in Asian countries was similar to those contained in a previous report on Japanese foods [9] in which the daily amount of supplied putrescine, spermidine, and spermine per person were 113, 82, and 39 μmol, respectively. In that study, putrescine, spermidine, and spermine accounted for 45%, 37% and 18% of total daily polyamine supply in Japanese diets, respectively. The daily amount of polyamine availability from foods in Asian countries was considerably lower than that reported in European countries, especially countries with a higher GDP (350-500 μmol/ day/person) [20, 21] . However, the proportions of each of the three polyamines relative to total polyamines were similar to those in European countries [20, 21] . The lower amount of total polyamine availability appeared to be due to the lower amount of total food supply in Asian countries, as the amounts of spermine and spermidine per food energy in Asian countries were higher than those in European countries, while the sum of the total amount of the three polyamines per energy was similar to European and Western countries with a lower GDP [19] .
The results of the present study using databases for Asian countries were relatively similar to those reported in earlier studies in European and Western countries in which socio-economic status showed a close positive association with longevity and a close negative associa-tion with CVD mortality [13] [14] [15] [16] [17] [18] . The results of the present study also indicated that reducing the incidence of CVD is very important for improving health status and prolonging lifespan, even in Asian countries. Studies using personal databases have shown decreases in CVD incidence and increases in life span are often associated with socioeconomic status [13] [14] [15] [16] [17] [18] . Although the factors affecting health condition according to socioeconomic status are not fully understood, the present study showed that the amount of polyamine in foods was associated closely with GDP per capita. A very interesting finding in our study was that the amount of food polyamine per energy quotient was associated not only positively with GDP but also negatively with CVD incidence. As the current study was an ecological investigation, it would therefore be expected there were potential confounding factors in these associations. However, recent basic research studies have shown that increased polyamine intake prolongs the longevity of some small organisms and rodents [1, 2] , and therefore increased polyamine intake may theoretically help maintain vascular health by increasing the amount of arginine available for nitric oxide (NO) synthesis [22] [23] [24] [25] . These findings and those of the present study suggest a possible role of food polyamines on human health.
